Introduction
Statistics has been described as the science of learning from data. It includes everything from planning for the collection of data and data management, to end-product activities such as the drawing of conclusions from data and the presentation of results.
As is the case in many scientific professions, the engineering profession relies on numerical measurements to make decisions in the face of uncertainty. Whenever there is uncertainty or prediction involved, then statistics, with probability theory as major building block, plays a significant role. This has lead to a great demand for familiarity with basic statistical techniques and inference procedures in the workplace. In particular, with the advances in technology and the associated increased ability to produce and process large masses of numeric readings, data handling and statistical techniques play an ever increasing role. It is thus very pleasing to note that the new curriculum currently being phased in at schools in South Africa (Department of Education, 2003) , includes data-handling throughout the various levels of schooling. This is in direct contrast to what had been the case prior to the adoption of this new school curriculum.
As is the case all over the world, statistics courses forms an essential part of all engineering programmes at tertiary institutions in South Africa. These courses typically deal with descriptive data handling procedures, probability theory, common univariate distributions, bivariate distributions, estimation of parameters, tests of hypothesis and regression analysis. The course tends to dwell more on theory and less on applications of statistics, thus fostering an inwardly focused approach where theory plays the dominant role, followed by a few techniques, with the hope that the value of the subject will speak for itself. It is argued here that the underlying purpose is implicit rather than explicit (McLean, 2000) . This is the traditional approach to teaching statistics (see, for example, Moore, 1993; Bazargan, 2002; North & Zewotir, 2006) . This setting creates a common criticism that undergraduate Engineering Statistics courses are too academic in focus, excessively theoretical, and divorced from real problems that appear in the engineering industry.
Engineering students generally attend statistics modules separately from non-engineering students studying statistics, thus giving the perfect opportunity for engineering-specific examples and applications of statistics to be used in such a module, yet it generally does not happen. Bearing in mind that South African scholars will in future be leaving school with basic statistical literacy skills, it is essential that the teaching of statistics to engineers needs to be modernised so that full use can be made of the higher level of statistical proficiency that will be present upon entering the tertiary institution.
The problem outlined above and need for change in statistical education of engineering students however, is not exclusive to South Africa. Several educators have described the need for specific changes in statistics education for engineers (see, for example, Box, 1990; Bisgaard, 1991; Hogg, 1994; Higgins, 1999; Disney, Bendell & McCollin, 1999; Acosta, 2000; Vardeman, 2002; and references therein) . What is surprising, however, is that the discussion forum and research in this regard is limited in South Africa. Moreover, the general unpleasant perception about statistics amongst engineering students in South Africa is labelled and attributed to poor mathematical background of the formerly disadvantaged racial groups (see, for example, Blinnaut & Venter, 2002; De Wet, 2002; Steffens, 1998) . Though the disparate schooling system of apartheid, and its legacy, has its own impact in the South African learners' overall performance, it would be naïve to associate everything which is deficient with apartheid schooling. Students are only able to enrol in the engineering faculty if they meet the basic entry requirements as set by the faculty; in fact, only highly competent matriculants (regardless of their race) will qualify to enter the faculty and thus become prospective engineers.
An overview of the current engineering statistics in South Africa Bear in mind that at most South African universities and technikons, engineering students' first encounter with statistics courses are at third year level. The initial stages of any engineering programme, by necessity, include a vast amount of calculus and numerical analysis. As mathematics is an essential key tool for statistics teaching and learning, it would seem reasonable to assume that teaching statistics to such a group of engineering students should be free of problems caused by poor mathematical preparation and one should thus find such a course to have a high pass rate. Unfortunately, this expectation is far from reality as engineering students find statistics courses difficult with a resulting poor pass rate in such courses.
Despite the effort that instructors of Engineering Statistics devote to the course, many students experience anxiety when they are required to take statistics courses, as these courses are rumoured to be difficult to pass. Cruise, Cash and Bolton (1985) argued that anxious students' image of statistics is generally not a very positive one, with the resulting failure rate of such students being an indicator of the negative effect that the anxiety has on their chances of passing. With this in mind, it is important to examine the failure rate of a typical statistics module to third year engineers at a South African university. As an illustration, we used the failure rate of the same course over a number of years. Note that this module is an essential part of the engineering programme and thus has to be passed prior to them graduating with a degree in engineering.
The number of passes and failures from 1997-2005 academic years is reflected in Table 1 . Using the Cochran-Armitage trend test (Margolin, 1988; Agresti, 2002) we analysed the pattern of the failure rate of this module over the last nine years to see if any significant trend developed over this period. The Cochran-Armitage statistic (Z=11.2100 and p<0.0001) provides strong evidence of a positive trend. This shows an increasing failure rate for students taking Engineering Statistics courses for the period 1997 to 2005. This is not just by chance, in fact, it is a statistically significant trend.
As is usual when a monotonic effect is observed, the linear logit model (Margolin 1988; Agresti 2002 ) was fitted with logit(π t )=α+βt where π t is the failure rate at time t=1,2,…,9; t=1 indicates the academic year 1997, and t=9 is the academic year 2005. The results are reflected in Table 2 . The estimated multiplicative effect of a unit increase in academic year on the odds of fails is exp(0.2137)= 1.238.
Deviance and Pearson Chi-square divided by the degrees of freedom are used to detect overdispersion or under-dispersion in the logistic regression. Values greater than 1 indicate overdispersion, that is, the true variance of the failure rate is greater than what it should be under the given model. If this happens the resulting estimates are consistent, however, estimates of the variance are not. It can result in spuriously small standard errors of the estimates (Barron, 1992) . This inconsistent variance estimate invalidates any hypothesis testing. The most common and most widely implemented approach to remedy this is the use of "quasi-likelihood" through the introduction of a scale term into the variance equation. This approach has the advantage that it inflates the variance of each of the observations by a like amount, so that the estimated values will be the same -just the associated standard errors will be (Allison, 1999) . The values of Pearson Chi-square and deviance divided by the degrees of freedom are significantly larger than 1. This evidence of over-dispersion indicates inadequate fit of the logit model. Nevertheless, limited inference can be made from the fit. This limited inference is only about the estimates of the parameters as they are consistent. Accordingly, the estimate of the logistic regression coefficient shows an increasing failure rate pattern.
We refitted the model by adjusting for overdispersion. The result is presented in Table 3 . As noted earlier, the adjustment does not change the parameter estimates. The values of Pearson Chisquare and deviance divided by the number of degrees of freedom are close to 1. All the statistical tests, namely, the likelihood ratio, the score and Wald tests show that the failure rate increases over the academic years. On the average, the failure rate in year (t+1) is exp(0.2137)= 1.238 times year t failure rate. In other words, on the average, failure rate increases 23.8% a year. Figure 1 displays the observed and logit model fitted values. The plots show the increasing pattern of failure rate. The results from two logistic regression model fits assure the existence of positive trend of failure rate. In the first model there is no allowance for over-dispersion, in the second the quasi-likelihood approach to overdispersion is employed. All the analyses support our call for revisiting the current offering of Engineering Statistics at tertiary level in South Africa. We know that poor mathematical preparation cannot be the problem, as discussed above, yet there is strong evidence of increased failure rates in Engineering Statistics courses. (South African Migration Project, 2007) . This is further echoed by Boroughs (2007) who states that the work environment in South Africa is continually improving for black engineers, as affirmative action opens up more opportunities, but engineering educators note that the supply of engineering graduates is shrinking.
The reasons for an inability to succeed can be discussed by considering the curriculum, including what happens in individual courses. Steffens (1998) remarked that statistics syllabi in South Africa have traditionally been very theoretical and have deliberately shied away from official ("birthand-death") statistics. He also noted that a more balanced attitude has lately become popular internationally. We thus argue that the key to solving the problem of increasing failure rates amongst students in the Engineering Statistics courses may lie in examining the nature of the material in such a course. The overall goal must be to deliver a product which is relevant to the needs of future engineers and to structure the course in such a way as to maximise the possibility of motivating students about the need for statistics in their profession. This will go a long way towards replacing anxiety and negativity with recognition of the relevance of statistics to their future careers. Clearly the professionals are not interested in the logic of statistical analysis, but will get motivated when learning statistical methods through handson experience related to solving problems in their discipline.
Problem-solving approach for engineering students
There is a growing body of literature providing suggestions and discussions strongly favouring the teaching of statistical concepts through a practical approach (Cobb, 1993; Forte, 1995; Rossman, 1995; Moore, 1997; Schaeffer, 1998; Moore, 2000 , Gelman & Nolan, 2002 North & Zewotir, 2006) , rather than the traditional mathematical approach. The focus of this approach is to promote general classroom activities and discussions on substantive application issues relevant to the students' field of study, so that the student may discover statistical principles and the relevance thereof, rather than being able to prove mathematically why the principles hold. It is thus directed around a problem-solving approach, i.e. data to be collected as the result of a problem/question/statement to be analysed.
It is very pleasing to note that this is the approach that has been outlined in the new National Curriculum Statement (Department of Education, 2003) , where a problem-solving approach has been taken throughout the datahandling sections. The added advantage of taking the problem-solving approach to curriculum development at tertiary level as opposed to only at school level, however, is that it lends itself to being discipline-specific and can thus be far more We believe that the content of an introductory statistics course for engineers should be determined by the types of problems that engineers are most likely to encounter. Further, we believe that the topics defined by solving such problems should be introduced in a manner that is similar to how these problems would be encountered in practice rather than being presented in a fashion that is determined for mathematical convenience. We are thus in favour of introductory Engineering Statistics courses being driven by problems rather than by techniques, with applied problems, rather than mathematical derivations, forming the basis for such a course. In decades gone by, large data sets were avoided in class as the computational power was a serious time constraint; however, with recent technological advances there is now no need to teach in the classic way.
In order to most effectively modernise a statistics course to engineers, one must start by initiating discussions between the school of statistics and the engineering faculty as a 'buy-in' from both these parties will be necessary prior to achieving the outcomes mentioned above.
The next step would be to consult with the customer to ascertain the exact nature of the desired product in order to be certain of relevance. When deciding on the appropriate material for an introductory statistics course to engineers, one might obtain information from several companies that employ large numbers of engineers as their input is vital when redesigning such a course. Also, the information obtained when performing numeric readings in engineering experiments in other courses is a valuable source of appropriate data capturing opportunities for an introductory statistics course. Above all, the data used must be seen to be collected in order to solve a problem and the student ideally needs to be part of the data capturing process in order for the statistical process to achieve maximum appreciation by the student (Moore, 2000) .
Above all, we believe that an introductory course in statistics for engineers must be considered in conjunction with their entire curriculum. No matter how good an introductory course in statistics might be, if students are not asked to use this material in any subsequent courses, they will soon forget it and most probably question why they were required to take the course in the first place. Thus, we propose to enlarge our area of concern from just an introductory course in statistics to how the concepts from this course can be utilised, reinforced, and enhanced in subsequent engineering courses. The statistical concepts obtained should be an integral part of all laboratory experiences in subsequent courses. All of this necessitates a true collaborative effort between the engineering faculty and the statistics lecturers as they will need to work together in order to determine where statistical techniques can be used and which techniques are most appropriate in other modules not lectured by the statisticians.
Conclusion
The type of introductory statistics course we are proposing will evolve as we gain information from industry and the engineering labs. The effectiveness of the course will increase as statistical content is added to the engineering labs and students are required to use statistical methods in their subsequent engineering curricula. There is no doubt that engineering students will become more motivated about learning statistics if they see the relevance thereof in subsequent modules in their programme, and ultimately, the power of statistics in the field of engineering will be appreciated by them.
The core of the effort would be to develop a revised laboratory program for engineers in order to highlight the benefits to be gained by appropriate utilisation of statistical techniques. In the spirit of continuous improvement and of designing quality into a product rather than trying to address problems after the manufacturing stage, one can emphasise not being satisfied with simply dealing with variability in existing experiments, but rather designing new experiments that better emphasise the engineering issues. As a start, however, it is essential to ensure that statisticians fully understand the engineering experiments as they are currently being conducted.
